Introduction
The addition of lipids to sow diets during late gestation and lactation has been a major topic of recent research. Previous research (Seerley et al., , 1981 Cast et al, 1977; Boyd, 1979) indicated that improved survival can be achieved by feeding lipids to sows before parturition.
The newborn pig is susceptible to hypoglycemia until milk energy intake from the dam is adequate. Various factors play a role in tl~e ~ increased survival rate reported to result from feeding lipids to sows, but higher energy and total lipids in colostrum and milk are believed to be the major ones Cast et al., 1977) .
The effects of lipid feeding prepartum and (or) during lactation on milk yield and composition throughout an entire 21-d lactation period
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JOURNAL OF ANIMAL SCIENCE, Vol. 55, No. 6, 1982 have not been thoroughly investigated. Therefore, the purposes of this experiment were to examine the effects of lipid feeding on sow milk production, milk composition and pig growth, and to document changes in milk composition during a 21-d lactation period.
Experimental Procedures
Ten crossbred sows per treatment were fed 1.6 kg of a basal diet/d (table 1) Litter size was equalized to eight pigs at birth. Colostrum and milk were sampled by hand collection from all udder sections during farrowing and on d 1, 3, 5, 7, 14 and 21 of lactation. ~ Oxytocin by im injections of 1 ml (20 units) was used to stimulate milk ejection except at farrowing. Fresh milk samples were analyzed for energy by bomb calorimetry, for total lipids by the method of Folch et al. (1957) and for fatty acids by gasqiquid chromatography 4. Nitrogen, total solids (AOAC, 1970) and pH were determined, and solidsnonfat and lactose values were calculated by difference. Frozen samples were ashed and the residue dissolved in 5 ml concentrated HC1, which was diluted to a known volume and analyzed for mineral content by flame emission spectrophotometry. Vitamin A content of milk was determined by AOAC (1980) 10.00 Wheat bran 5.00 Soybean meal, dehulled 8.00 Poultry offal 4.00 Alfalfa (IFN 1-00-023 by the weigh-suckle-weigh procedure of Lewis et al. (1978) .
Least-squares analysis of variance was used to analyze the data. If the F test was significant for main effects, the differences were evaluated by Duncan's (1955) multiple range test, Treatment x day of lactation differences were separated by least-squares means procedures.
Results and Dis(;r
The effects of sow treatments on milk yield at d 14 of lactation and piglet growth are shown in table 2. Milk production was increased (P<.05) approximately 30% by the addition of lipids to sow diets (T I and 2), Increased milk yield due to the feeding of lipids to sows has been reported by Krusr et al, (1977) , Pettigrew (1978) and Boyd (1979) ; the percentage increase ranged from 8 to 18% in those studies. Treatment average pig and litter weights were not different at birth, or on d 7, 14 and 21 of lactation. Boyd (1979) reported a nonsignificant trend toward heavier weaning weight as a result of lipid feeding. Lewis et al. (1978) reported a relatively low correlation between milk yield and pig weight gains, suggesting that pig weight gain alone is not a good indication of sow milk yield. The extra energy available to pigs may be metabolized by increased activity behavior. The percentage of total lipids in milk was increased (P<.05) by feeding fat through lactation (T 2) when data for the seven sampling periods were pooled (table 3). The difference in treatments x day of lactation increased as lactation progressed. The feeding of either treatment containing fat tended to increase the fat content of milk on d 3 of lactation, but thereafter, only sows fed fat during lactation maintained slightly higher levels of lipids in milk. Milk energy was at or near its highest level during farrowing in all treatment groups due to high protein, whereas milk fat was low at this sampling. After the 0-h sampling energy content of milk showed the same trends over time and across treatments as did fat content.
The changes in milk composition and yield caused by either fat treatment may be important in regard to improved survival. The increased lipids and energy at d 3 may be particularly important because piglet glycogen stores are depleted by 72 h after birth in fed and fasted pigs (Seerley and Poole, 1974) . The value of the extra milk produced should be substantial for the survival of smaller piglets in the litter and(or) piglets in a marginal energy balance. Higher survival rates among smaller pigs were reported when corn oil or tallow (Boyd et al., 1978) was added to the sow diet. Further, the treatments illustrate the importance of feeding additional lipids before parturition, because milk lipid and energy values were similar for treatment groups 1 and 2 on d 3 of lactation and milk yield was similar on d 14 of lactation.
There were no treatment differences in the concentrations of crude protein, lactose, total solids, solids-nonfat percentages or in pH in colostrum or milk (table 4). Vitamin A content of milk was increased (P<.05) by lipid feeding during lactation (T 2). The highest level of vitamin A was during early lactation. Vitamin A was not higher in T 1 than T 3; however, perhaps because sows in T 1 had not received dietary lipids for 48 h at the time of sampling. Hence, T 1 and T 2 were not identical for this milk sample, but subsequent research is necessary to clarify the effect of feeding fat on milk vitamin A content. The fact that dietary treatment can affect vitamin A content of sow's milk has been reported. Bowland et al. (1949) reported a higher vitamin A content in milk from sows fed on pasture than in that from sows fed in drylot, and Schofield et al. (1942) showed that sows fed large doses of vitamin A late in pregnancy had an increased concentration of this vitamin in colostrum.
Percentage myristic acid was not affected by additional fat in the diet. There were significant treatment x time interactions for percentages of palmitic and palmitoleic acids. The interactions occurred because of slower increases in these fatty acids as lactation progressed in milk from sows in T 2. The result was an overall Percentages of stearic, oleic, linoleic and linolenic acids did not differ significantly among treatments, but milk from sows fed fat during lactation did tend to have more of these 18 carbonqength fatty acids, particularly as lactation progressed. Changes in milk fatty acids agreed with previous reports that dietary fat influences fatty acid composition of milk fat (de Man and Bowland, 1963; Miller et al., 1971; Kruse et al., 1977) .
Data were summarized across treatments by day of lactation. A high protein content of colostrum (P<.05) was associated with antibodies in colostrum, and contributed to the increased energy content of colostrum. Lactose tended to increase from colostrum to milk. Total solids and solids-nonfat decreased during the period, but, the differences were not significant. Vitamin A content was highest in colostrum, declining (P<.05)by d 7 of lactation and again by d 21. Milk pH increased (P<.05) from colostrum, then remained constant to weaning. Changes in the percentages of particular fatty acids in milk were numerous. In general, 16 carbon-length fatty acids increased (P<.05) as lactation continued, while 18 carbon-length fatty acids decreased (P<.05). Percentage myristic acid increased (P<.05) and percentage erucic acid decreased (P<.05) from farrowing to weaning.
Milk composition values and changes during lactation were in close agreement with previous reports (Bowland et al., 1949; Perrin, 1955; Lodge, 1959) . Values for percentage colostral protein were lower than most other reported values. It is well known that dramatic changes occur in the composition of colostrum. Perhaps variation in sampling time accounts for the difference in values reported here. The fatty acid composition of colostrum and milk and the changes that occurred during lactation are also in close agreement with other reports (de Man and Bowland, 1963; Miller et al., 1971) .
No treatment differences were noted in the concentrations of 16 minerals. Therefore, only data summarized across treatments are presented (table 5) . Concentrations of P in colostrum were slightly higher than Ca concentrations. As lactation progressed, concentrations of both minerals increased, however, Ca increased more rapidly. The result was that the Ca:P ratio increased from a value less than 1:1 a'b'CMeans with different superscripts differ (P<.05).
at d 1 of lactation to approximately 1.5:1 at weaning. As in the study by Perrin (1955) , Mg increased (P<.05) during lactation. The K and Na concentrations decreased (P<.01)with each sampling period. Zinc concentration decreased (P<.05) during the first week, then remained constant through the remainder of lactation, while Co concentration did not change between d 1 and 7, but decreased (P<.05) by d 21 of lactation. Miller et al. (1971) reported a lower concentration of Zn in milk than in colostrum; however, the difference was not significant. The Association of Official Agricultural Chemists, Washington, DC.
